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Introduction 



_ .^Because 

asthma is a disease characterized by air¬ 
ways more reactive to irritants than nor¬ 
mal, recent investigations have explored 
the impact of passive smoking on mor¬ 
bidity and pulmonary function in pa¬ 
tients with asthma (12-18). Although the 
findings do not all demonstrate impaired 
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of passive smoking on health care use by 
children with asthma, however, has not 
y« been studied. 

We considered it important to exam¬ 
ine this question because of the burden 
that frequent emergency room (ER) visits 
*nd hospitalizations for childhood asth- 
*n* place on the family and the health 
^system (19,20). Our study of the im¬ 
pact of health education on asthma man- 
ntement skills of the family and emer- 
icney health care use by children with 
*«hma (21-23) provided an opportunity 
to study this question. We hypothesized 
toat there would be a direct association 
JJ l 'vten smoking by family members and 
ne frequency of the child's ER visits and 
^te hospitalizations for asthma. In ad- 
^ion, we hypothesized that passive 
Poking would be associated with im¬ 
paired pulmonary function. 
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Recognizing that factors other than 
passive smoking can also affect the fre¬ 
quency of health care use, we also ex¬ 
plored the effect of 10 groups of vari¬ 
ables that could influence this use 
(19-31). These factors, which are listed 
in Appendix /, were included in the data 
analysis to control for their effect on the 
relationship between passive smoking 
and health care use as well as to identi¬ 
fy additional variables that might be 
influential. 

M atho d a 

Study Population 

The study sample was composed of 276 chil¬ 
dren from 259 low income families who were 
receiving health care for asthma in outpatient 
clinics at 4 New York City hospitals. Children 
were enrolled in the study if they met all the 
following criteria: a diagnosis of asthma by 
a physician, at least 1 wheezing episode in 
the previous year, at least l clinic visit for 
asthma in the previous 12 months, and age 
between 4 and 17 yr Informed, written con¬ 
sent was obtained from the child's parent. The 
study was approved by the institutional com¬ 
mittee on human research. Fifty-five percent 
of the children were Hispanic, 38* were non- 
Hispanic blacks, and 7* were white, Asian, 
or native American. Sixty percent of the chil¬ 
dren were male, and the mean age was 9.9 ± 
0.20 yr (unless otherwise indicated, the data 
are reported as the mean * SEM). Ninety- 
three percent of the adult respondents to the 
enrollment interview were female and 67* 
of the households were headed by females. 


Sixty-three percent of the families received 
public assistance. 

Because no community-wide survey was 
conducted, we do not know how well the study 
sample represents the general community 
population of low income children with asth¬ 
ma served by the 4 hospitals. Preliminary 
results from our own survey of families who 
had children with asthma attending public 
schools in the referral area of Babies Hospi¬ 
tal (1 of the 4 hospitals in the original study), 
however, suggest that children in the clinic 
sample used the ER more frequently and were 
hospitalized more often than the children in 
the school sample The clinic sample averaged 
227 ± 0.21 ER visits per year, whereas the 
school sample averaged 0.86 z 0.17 visits. 
This suggests that children in the current study 
may have more severe asthma and thus use 


{Received in original form February 14, 1996 and 
in revised form October A 1996) 


1 From the Department of Pediatrics, Colum¬ 
bia University College of Physicians and Surgeons, 
the Division of Biosutistics. Columbia University 
School of Public Health and Babies Hospital (Pres¬ 
byterian Hospital), New York. New York, and the 
Department of Behavior and Health Education. 
University of Michigan School of Public Health, 
Ann Arbor. Michigan. 

1 Supported in pan by Contract No l-HR-7-2973 
and Gram No. 1-R18-HL-28W7 from the Lung Di¬ 
vision. National Heart. Lung and Blood Institute, 
and by a gift from the Spunk Fund. 

* Requests for reprints should be addressed to 
Charles H. Feldman, M.D„ Department of Pedi¬ 
atrics. Babies Hospital North. Room 107, College 
of Physicians and SurfeoiuXolumbia University. 
630 West 168th St. York. NY 10032. 


587 


Source: https://www.industrydocuments.ucsf.edu/docs/hnvjOOOO 


2024227837 






















rmta , levboh. fiuomam. claw, waiuwhi. livw. amo 




J 


5U 


emergency health air resourca more fre¬ 
quently than the genera) community popula¬ 
tion of low mcome children with asthma. 

Them vrett TJ children (28*») in the study 
population who had missing dau for l or 
more of the 3 variables in the final regression 
model; S additional children were eliminated 
from the analysis because they themselves 
were smokers. The results are reported for the 
remaining 191 children. We compared the chil¬ 
dren with missing data with those with com¬ 
plete data to explore the possibility of bias. 
The children with missing data made fewer 
ER visits (1.42 * OJO versus 2J0 z 0.24; 
p <0.01), hut did not differ from children 
witb complete data with respect to passive 
smoking or frequency of symptom days. On 
sododemographic indices, children with miss¬ 
ing data were younger (4.6 * 0.1 yr versus 
9.9 * 0.2 yn p < 0.01). hut did not differ from 
the others with res pea to sex. ethnicity, or 
socioeconomic status. We have no evidence 
to suggest that the differences observed would 
create bias. it. a different relationship among 
the study variables tn the 2 groups of children. 

Variables 

The data included in the analysis were drawn 
from several sources: separate baseline inter¬ 
views with the child and with the child’s par¬ 
ent or guardian, hospital records of emergency 
health care use in the year prior to the inter¬ 
view. and tests of pulmonary function. The 
ER visits and hospitalizations for asthma were 
counted by reviewing medical records of study 
children from the 4 participating hospitals. 
To examine the possibility that the study sam¬ 
ple was making significant use of health ser¬ 
vices at hospitals not participating in the 
study, wt reviewed Medicaid records of total 
health care use by the 88 families in the study 
who were receiving public assistance. Only 6 
children p*») made any ER visits and only 
1 child (IS) was hospitalized in a nonpar- 
ticipating hospital during the baseline year. 
We concluded that the hospital record review 
did not significantly underestimate ER use 
or hospitalizations for asthma. 

Pulmonary funaion testing was conducted 
during a random clinic visit in the year after 
the baseline interview. A waterless wedge spi¬ 
rometer (Jones Medical Instrument Co.) was 
used to measure 3 factors: FEV,, peak expi¬ 
ratory flow rate (PEER), and mean forced ex¬ 
piratory (km during the middle half of the 
forced vital capacity (FEFu-t,). Each child 
repeated the measurement 3 times, and we 
used the highest values in the analyses. Data 
are reported both as raw scores and asa per¬ 
centage of predicted normal values (32). 

Passive smoking by the child was measured 
by asking the parent who was interviewed if 
he or sheer anyone else in the house smoked. 
Passive smoking was given a score of zero if 
no one is the house smoked, and a score of 
1 if the respondent or someone else in the 
house smoked. Dau to measure the child's 
dose of passive smoking not collected, 
nor was paternal or maternal smoking as¬ 
sessed. To control for active smoking we asked 


children, after guaranteeing confidentiality, 
if they ever smoked cigarettes, and the 8 chil¬ 
dren who said they did were removed from 
the analysis. 

We did not obtain data on the presence or 
use of gas stovei. According to estimates by 
the public utility serving New York City, how¬ 
ever. more than 99*?» of the families in our 
referral area use gas stoves. Therefore, it is 
unlikely that variations in nitrogen dioxide 
exposure because of the presence or use of 
gas stoves affected the frequency of ER visits. 

Statistical Analysis 

We used multiple regression techniques to test 
the hypothesis that passive smoking was as¬ 
sociated with the frequency of ER visits and 
acute hospitalizations for asthma and with 
decreased levels of pulmonary function. A 
second goal of the statistical analysis was to 
discover whether any additional variables were 
significantly associated with health care use 
or with pulmonary funaion. A split simple 
procedure was used to evaluate the reliability 
of the ER visit model The entire study popu¬ 
lation was randomly divided into 2 halves. 
Using the first half of the sample, we deveU 
oped a regression model that fit the dau best 
by minimizing the estimated standard devia¬ 
tion of regression. In addition to passive 
smoking, 34 other variables (see Appendix 
I) were entered into the regression model Using 
a backward elimination procedure. Because 
the number of variables was large in relation 
to the number of cases, the variables were en¬ 
tered sequentially in groups of 10 or less. 
The strongest predictors were retained and the 
weaker variables were eliminated until all 
the variables had been included in the regres¬ 
sion and the best fining model obtained. 

The reliability of this model was evaluated 
by applying it to the dau from the second 
half of the sample We looked for consistency 
in the magnitude and direction of the regres¬ 
sion coefficients across the 2 samples. The 
variables included in the final model had this 
consistency. Final values for the regression 
coefficients were obtained by applying the 
model to the full study sample. The associa¬ 
tion of specific variables with frequency of 
health care utilization was evaluated by the 
sutistical significance of their regression 
coefficients in the final model using the full 
study sample. Sutistical significance was de¬ 
fined as p < 0.05 using a two-tailed test. 

There were 5 pain of siblinp among the 
191 children who had complete dau for the 
variables in the regression model; these sib¬ 
lings shared a common environment with re¬ 
spect to passive smoking and other variables. 
We assumed, however, that the emergency 
health care use and pultnonary funaion lev¬ 
els of siblings were statistically independent 
given the variables controlled in the model. 

Because the distribution of ER visits was 
skewed toward the upper tail, we applied the 
square root transformation (y - /s ) to ap¬ 
proximately normalize the distribution. The 
regression analysis was conduaed using the 
transformed scores. When final regression 


models using tran formed and untnnsfonn? 
ER visits were compared, there wu no 
nificant difference in the coefficienu of th 
predictor variables or in the distribution c 
the residuals, so for simplicity the finding 
are presented using untransformed scores 

After the findings from the final rtgressi© 
model were obtained, we examined the di: 
tributions of the prediaor variables and th 
residuals from the model. Observation of £ 
visit frequency plotted against frequency c 
days with asthma symptoms per month ind 
cated that the relationship between these var 
ables was curvilinear. To adjust for this, * 
performed a logarithmic transformation c 
the symptom days score (x' * log (I + x 
and found that the transformation improve 
the fit of the linear regression model to if 
data. We also tested for inieraaion betwet 
passive smoking and the frequency of iym[ 
tom days, but no interaaion was found. 

Upon examination of the residual scon 
(observed ER visits minus prediaed ER visit 
from the normal regression model, we note 
that 9 cases (5%) were in a skewed upper u 
of the distribution, more than 2 standard de% 
ations above the mean. Because the norm 
regression model assumes normally distri 
uted errors, we explored other re g re s sic 
models that allow skewed count data disti 
butions in order to assess the validity of tl 
observed significance levels of the coeffioer 
for passive smoking and days with asthn 
symptoms in the normal regression modi 
A geometric regression model was fitted 
the dau by maximal likelihood estunaiio 
and the results confirmed the significance 
the coefficienu (33, 34). 

We alio conduaed a path analysis (35,3 
to explore causal relationships among the va 
ables associated with ER visits. Path analy: 
is an interpretation of the relationships b 
tween the variables based on 2 assumption 
(/) that a weak causal order among the va: 
ables is known, and (2) that the relationshi 
among the variables are causally closed, 
weak causal order means 1 that although X m 
or. may not affea Y, Y cannot affea X Cau* 
closure means that X and Y are causally dos 
to systematic ouuide influence with rape 
to their covariation. The path coefficienu t 
standardized regression coefficienu obtain 
by regressing each variable in the model v 
all i the variables that are assumed to cau 
it; The logarithmic transformation of da 
with asihma symptoms was used in the pa 
analysis. 

Results 

Emergency Room Visits 
Children in the study sample made ; 
average of 2.50 ± 0.24 ER visits per yet 
The ER visits ranged from zero to 2 
but 759* of the sample made 3 or le 
visits per year. The results of the regre 
sion analysis are presentedi in table 
Only 2 variables, passive smoking ar 
' the frequency of days with asihma sym 
toms per month, were significantly^ 
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TABLE 1 

REGRESSION COEFFICIENTS OF VARIABLES ASSOCIATED WITH Eft VISITS’ 
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ty-three percent of the adult res poo 


dents indicated thtt they or moth er 
household member smoked, 
/requehcyjpf annua l ER vis! . 
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Ol e AOap assrvc 
jns8T(uble I), 
distribution of 
ren exposed to 
passive smoking is compared in figure 
1 with the distribution of ER visiu by 
children from households without 
smokers. The histogram shows the posi¬ 
tive association between passive smok- 
mt and ER visits. 

We explored the effect of recoding the 
smoking variable to reflect the presence 
of 2 or more smokers in the household. 
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The difference between these ob¬ 
served rrequencies was not significant, 
and inclusion of this category of more 
intensive passive smoking exposure did 
not improve the fit of the regression 
model 

We were not able to assess directly the 
independent effects of mothers’ and 
fathers'smoking behavior. Eighty-seven 
percent of the respondents, however, were 
either the child's mother or a female rel¬ 
ative who had assumed the role of the 
child's principal camaker.Because the fa¬ 
ther was often not present in the home, 
we reasoned that a comparison of smok¬ 
ing by the principal caretaker and by 
other people in the household would be 
an appropriate substitute for maternal 
and paternal smoking in this population. 
We eliminated the 24 cases in which the 
respondent was a male or was not the 
child’s everyday caretaker, and compared 
the frequency of the child’s ER visits in 
3 groups: households in which the prin¬ 
cipal caretaker was the only smoker, 


households where only other people 
smoked, and households where both the 
caretaker and another person smoked: 
No sigjflcant difference was observed 
among the 3 categories of smoking 
exposure. 

Children in the study sample had an 
average of 8.86 ± 0.76 days with asthma 
symptoms per month. The frequency of 
symptom days per month was also sig¬ 
nificantly associated with ER visiu (ta¬ 
ble 1 % This association was curvilinear: 
as symptom days increased, the corre¬ 
sponding increases in ER visiu grew 
smaller. Children with low frequency 
(zero to I day) averaged 1.73 ± 0.33 
visiu; with moderate frequency (2 to IS 
days), 2.65 ± 0.43 visiu; with high fre¬ 
quency (16 to 31 days),3.39 ± 0.60 visits. 
The distributions of annual ER visits by 
children with low, moderate, and high fre¬ 
quency of symptom days are shown in 
figure 2. The histogram shows the posi¬ 
tive association between frequency of 
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To evaluate these effects, we estimated 
a simple path model in which we assumed 
that passive smoking was an exogenous 
variable that had both a direct effect on 
ER visiu and an indirect effect on ER 
visiu through frequency of days with 
asthma symptoms. A path anaiysisof the 
effecu of the variables in thisjmpdeljs 
.presented, in figure 3.Jfefei£ui 


Passive smoking has 


{^coefficient 
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no significant effect on the frequency of 
days with asthma symptoms (- 0.07) and 
no indirect ef tea through symptom days 
on ER visits (-0,07 x 0.17 * -0.01), 
To rule out the possibility that the as¬ 
sociation of passive smoking with ER 
visits was due to some other variable, we 
conducted a regression analysis to iden¬ 
tify any variables that might cause both 
increased smoking by family members 
and increased ER visits by the child with 
asthma. 

fad^Mnrc^xnokm than did Hispanic 
families, but made fewer ER visits. Fam¬ 
ilies with l or more members employed 
fuB lime had more smokers than did fam¬ 
ilies without a wage earner, but also made 
fewer ER visits. XKEgfoeat^ 


lore the possibility that 


tabu 2 
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Hospital ant ions 

Seventeen percent of the children in the 
study sample had been hospitalized dur¬ 
ing the year prior to enrollment in the 
study; the mean number of hospitaliza¬ 
tions was 0.20 t 0.04. Passive smoking 
was not significantly associated with an¬ 
nual frequency of hospitalization. Only 
2 variables, the number of the child’s sib¬ 
lings with asthma (regression coefficient, 
0.16; p < 0.05) and the frequency of 
missed outpatient dink appointments 
(regressioncoefficient, -0J21; p< 0.01), 
were significantly asso ci ated with hos¬ 
pitalizations. 

Pulmonary Function 

The mean value for ^FEV, in the study 
sample was 72 ± 2®Pi. The mean pulmo¬ 
nary function scores presented in table 

2 indicate thar passive smoking did not 
have a significant effect on any of the 

3 indicators of pulmonary function stud¬ 
ied. A regression of *tFEV, on the vari¬ 
ables measuring sododemographic sta¬ 
tus. disease characteristics, allergens and 
imtants in the home, and familial his¬ 
tory of asthma indicated that none of 
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these factors was significantly associated 
with *FEV„ 

Health Can Costs 

To assess the impact of passive smoking 
on health care costs for children with 
asthma, we estimated the cost of an ER 
visit to the participating hospitals dur¬ 
ing the study period. The average cost 
of an ER visit, including medications. 


was 69 dollars. 
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Ditcu salon 

The association between smoking in the 
child’s home and the frequency of ER 
visits is based on parents’ reports of 
smoking behavior and should be inter¬ 
preted with some caution* No objective 
evidence of smoking behavior by house¬ 
hold members was collected, nor was any 
attempt made to demonstrate that chil¬ 
dren bad significant levels of exposure 
to tobacco smoke. The proportion of 
respondents in the study sample who said 
they smoked (34 V#) is identical to the 
proportion of smokers among females 
between 21 and 44 yr of age reported in 
a recent nationwide survey (37). If, in 
fact, some respondents who did smoke 
concealed this information, the effect 
would be to diminish the observed as¬ 
sociation between smoking and ER visits. 

. The association between passive smok¬ 
ing and ER visits is a strong one The 
presence of even 1 smoker in the house- 
t bold increased the annual frequency*? 


( bexhild' t ER The f r 

quency of days with asthma symptor 
per month was also significantly t 
sociated with ER visits. There was, ho\ 
ever, no relationship between passr 
smoking and the frequency of days wii 
asthma symptoms. This finding is pu 
zling because one mechanism by whic 
passive smoking can increase ER visii 
is by increasing the frequency of sym; 
toms, and it raises the question o 
how passive smoking affects ER vis; 
frequency. 

One possibility is that there are meas 
urcmem errors in parents' perception o 
the child’s symptoms. Low level asthm. 
symptoms may be difficult to notice, o 
like other common symptoms, may sim 
ply be taken for granted and thus under 
reported. An alternative possibility is sug 
gested by the well-established finding that 
people with asthma can have air-flow ob¬ 
struction without experiencing symp¬ 
toms of breathlessness, and that at any 
given level of obstruction, reports of 
breathlessness vary considerably (3S-40). 
Children themselves may not notice or 
report symptoms to their parents, thus 
obscuring the association between pas¬ 
sive smoking and chronic symptom fre¬ 
quency. Furthermore, in a study of adults 
with asthma, Burdon and coworkers (40) 
found that patients with increases in 
baseline air-flow obstruction—a charac¬ 
teristic of our sample with mean **FE V, 
equal to 72^* - were less able than pa¬ 
tients with normal baseline air flow to 
detect breathlessness in response to a 
histamine challenge 

Recent findings that link passive smok- 
jngT^h istiguh e; reactivity/ and' reduced 
p e r ce ption “of breathlessness, however; 
^suggest a more complete explanation for. 
ithe association of passive smoking with ^ 

a visits wqftout a corraponding';inv 
se in chroflk symptoms. First, Knight 
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and Breslin (IS) found that experimen¬ 
tally controlled passive smoking in¬ 
creased sensitivity to histamine challenge 
in patients with asthma after a 4-h period, 
well after pulmonary function returned 
to normal. They suggest that passive 
smoking sensitizes the airways to react 
more strongly to other sources of irrita¬ 
tion and thus potentiates acute episodes 
that would not otherwise have occurred. 



episode* the frequency of reported symp¬ 
toms may decrease among children chron¬ 
ically exposed to tobacco smoke. We 
speculate that if another trigger does pro¬ 
voke an acute episode, the reduction in 
ability to recognize breathlessness is likely 
to result in delayed treatment, thus add¬ 
ing to the severit y of the episode and the 
likelihood of eventually req uiring emer- 
gency medical treatment .f 




) impairment t>f | ^^ 

_ i finding is not inconsistent 

with the mechanism proposed above be¬ 
cause increased reactivity to histamine 
challenge is often present in patients with 
normal baseline pulmonary function 
(41). The lack of association between pas¬ 
sive smoking and hospitalizations, how¬ 
ever, does raise questions about the pro¬ 
posed histamine reactivity mechanism 
because heightened airway reactivity and 
reduced awareness of breathlessness 
would result in more severe episodes that 
receive delayed treatment; this in turn 
*ould be expected to result in increased 
bospitalizations- _ 
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/.health oare^semce*. Health 
*** providers can help prevent ER visits 
*reong children with asthma, and thus 
reduce health cart costs, by explaining 
^ association between smoking and ER 
**»ts to family members, encouraging 
hem not to smoke, and referring them 


to smoking cessation programs. Al¬ 
though we have no direct evidence that 
passive smoking heightened airway reac¬ 
tivity or reduced recognition of breath¬ 
lessness in our study sample, such changes, 
if present, would provide a plausible ex¬ 
planation for our findings. We think that 
research to explore these possibilities is 
worthwhile 


Appendix I 

Additional variables included in the analysis: 

1. An index of allergens and irritants in 
the home 

11. Parents* r eport of the child's average 
monthly frequency of days with 
symptoms of asthma. 

III. Family management practices. 

Frequency of problems adhering to 
medication schedule 
Frequency of missed clinic appoint¬ 
ments. 

An index of idf-management activi¬ 
ties used to control asthma. 

An index of criteria for deciding if 
medical help is needed to manage 
asthma symptoms. 

Parents* level of confidence in ability 
to manage asthma. 

IV. Coverage of child by Medicaid. 

V. Nonemergency care 

Parents' rating of acceptability of 
outpatient clinic waiting time 
Parents' satisfaction with amount of 
information about asthma pro¬ 
vided by outpatient clinic physi¬ 
cian. 

Continuity of care in clinic 
Frequency of parents' questions to 
physician. 

VI. Sociodemographic variables. 

Sex of child. 

Age of child. 

Age of parent/guardian. 
Ethnictty/race 

Employed person in household. 
Mother's employment status. 
Mother's yean of education. 
Mother's marital status. 

Number of people in household. 
Number of people per room. 
IHephone in household. 

Change of residence in last five years. 

VII. Health beliefs. 

Health locus of control scale 
Effectiveness of medicine in prevent¬ 
ing attacks. 

Seriousness of child's asthma. 
Belief that mild attacks require hos¬ 
pital or clinic visit. 

Belief that asthma is more fright¬ 
ening than other diseases. 

Belief that asthma can lead to other 
health problems. 


VIII. Social support. 

Number of adults in household who 
help care for child's asthma. 

IX. Stress during asthma attacks. 

Parental fear child might die during 
most recent attack. 

X Family history of asthma. 

Parental history of asthma. 
Siblings with asthma currently. 
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